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The  reliability  of  statistical  theories  for  the  responses  of  complex  structures  {e.g. 
Statistical  Energy  Analysis,  and  Asymptotic  Modal  Analysis)  is  studied  by  using  exact  eigenmode 
statistics  in  lieu  of  the  usual  ad  hoc  assumptions  for  those  statistics.  It  is  intended  to  investigate 
the  failings  of  statistical  theories  for  the  responses  of  complex  systems,  and  in  particular  their 
predictions  for  variances,  with  a  view  towards  learning  how  to  correct  these  failings  by  the  use 
of  more  sophisticated  models  for  modal  statistics,  in  eigenvalue  and  eigenmode  correlations,  and 
in  resonance  magnitude  and  width  statistics. 

The  work  involves  the  generation  of  numerical  solutions  for  the  eigenmodes  of  complex 
structures  and  their  subsequent  statistical  analysis.  High  order  statistical  theories  for  the 
responses  of  complex  structures  are  developed  and  the  eigenmode  statistics  employed  where 
called  for  by  the  theories.  The  statistics  of  numerically  generated  time-domain  solutions  are 
then  compared  with  theory. 


A  large  sample  of  undamped  30x30  and  several  50x50  irregular  two-dimensional  wave 
equation  domains  were  solved  numerically  and  their  solutions  scrutinized  in  regard  to 
eigenmode  statistics.  Eigenfrequency  repulsion  and  spectral  rigidity  were  confirmed  and 
certain  correlations  observed  between  the  eigenshapes.  The  results  can  be  summarized  with  the 
statement  that  the  eigenfrequencies  have  no  short  range  correlations  other  than  those  implied  by 
Random  Matrix  Theory.  The  mode  shapes  are  nearly  independent  Gaussian  random  numbers 
(with  the  expected  simple  Bessel  function  spatial  correlations).  They  do,  however,  have  an 
interesting  unanticipated  long  range  spectral  correlation  over  frequency  differences 
corresponding  to  the  transit  time  across  the  structure.  There  are  no  short  range  spectral 
correlations  in  the  mode  shapes  in  the  interior  of  the  system. 

The  eigenmodes  of  generic  damped  systems  were  also  been  scrutinized.  An  algorithm  was 
pursued  which  proceeds  by  extraction  of  exact  solutions  to  truncated  systems,  truncated  by 
consideration  only  of  modes  within  a  narrow  band  of  frequencies.  We  had  speculated  that  these 
exact  solutions  will  converge  quickly  to  the  exact  solution  to  the  full  original  system  as  the  band 
is  widened.  We  found,  however,  that  convergence  was  not  fast,  even  for  moderate  amounts  of 
damping.  (For  sufficiently  small  amounts  of  damping  it  is  well  known  that  the  first  step  in  this 
iteration  usually  suffices,  hence  the  speculation.)  We  therefore  proceeded  to  solve  for  the 
eigenmodes  of  damped  systems  by  full  numerical  diagonalization  of  state-space  formulations  of 
the  dynamics.  Large  numbers  of  damped  systems  of  sizes  up  to  28x28  were  studied  in  this  way. 

Damped  systems  were  found  to  exhibit  slightly  weakened  spectral  rigidity  and 
significantly  weakened  eigenfrequency  repulsion.  Thus  Random  Matrix  Theory  does  not 
correctly  predict  frequency  statistics  in  damped  systems.  We  have  described  theoretically  why 
it  is  that  Random  Matrix  theory  should  fail  here.  The  statistics  of  damping  rates  were  also 
studied,  and  found  to  lie  in  moderate  accord  with  our  theoretical  predictions. 

The  work  implies  that  response  statistics  may  be  constructed  from  assumed  modal 
statistics  that  have  less  correlation  and  are  less  complicated  than  one  might  have  feared.  They 
are,  nevertheless,  not  trivial  and  rather  different  than  is  usually  assumed.  The  consequences  of 
the  observed  eigenstatistics  for  time  and  frequency  domain  response  statistics  were  confirmed 
by  numerical  simulation  in  the  time  domain. 

Amongst  the  heretofore  unexpected  consequences  of  the  statistics  is  the  occurrence  of 
enhanced  backscatter  in  reverberant  systems.  We  have  predicted  theoretically,  and  shown 


numerically,  an  echo-like  phenomenon  that  should  be  present  in  all  reverberant  acoustic 
systems.  Diffuse  responses  at  the  position  of  a  transient  source  were  shown  to  be  two  to  three 
times  stronger  than  they  are  elsewhere,  even  at  times  long  after  the  source  has  stopped. 

In  a  tangential  thrust  of  presumed  interest  to  the  Structural  Acoustics  Program  at  ONR, 
we  noted  that  Diffuse  Field  Theory  has  certain  fairly  clear  consequences  for  the  rate  at  which 
subsonic  energy  is  shed  from  a  smooth  shell  into  a  surrounding  fluid,  with  corresponding 
implications  for  lower  bounds  on  the  actual  shedding  rate  of  an  inhomogeneous  shell.  The  bounds 
are  based  on  Diffuse  Field  predictions  for  the  equipartition  between  flexural  and  extensional 
waves  and  on  known  shedding  rates  for  extensional  waves  in  plates  and  flexural  waves  in  shells. 
We  also  showed  that  the  method  predicts  the  angular  distribution  of  the  shed  energy  from  a 
smooth  shell.  This  work  is  being  extended  to  lower  frequencies  and  to  more  realistic  shells  in  a 
new  ONR  project:  N0001 4-94-1 -0855. 


C.  Plans  for  future  research 

Except  for  publishing  the  many  major  results  on  eigenfrequency  statistics  in  damped 
systems  and  the  associated  effects  on  response  statistics,  (and  incidentally  finishing  up  the 
graduate  student's  PhD)  this  project  has  closed.  The  project’s  tangential  thrust  related  to 
diffuse  waves  on  wetted  thin  shells,  is  being  continued  under  new  auspices  as  N00014-94- 
0855. 
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R.L.  Weaver,  "Diffuse  Waves  on  Submerged  Thin  Shells,"  JAcoust.Soc.Am.  95,  857-865 
(1 994)  Copy  of  Paper  Attached 

R.  Weaver  and  J.  Burkhardt,  "Weak  Anderson  Localization  and  Enhanced  Backscatter  in 
Reverberation  Rooms  and  Quantum  Dots,"  J.  Acoust  Soc.  Am.,  1 2/94  Copy  of  Paper  Attached 

J.  Burkhardt  and  R.  Weaver,  papers  on  eigenstatistics  and  response  statistics  in  damped  systems 
that  are  still  in  preparation  Copy  of  Thesis  and  related  preprints  to  be  sent  later 


Invited  Presentations 

R.L.  Weaver,  "Diffuse  radiation  from  submerged  thin  shells,"  paper  number  93-WA/NCA-18 
(ASME  conference  paper  presented  at  the  Winter  Annual  Meeting,  1993)  Copy  of  Paper  Attached 

R.L.  Weaver,  "SEA  and  apparent  damping  by  a  Fuzzy,"  special  presentation  at  ASME  Winter 
Annual  Meeting,  1993 

R.L.  Weaver,  "On  Eigenmode  Statistics  and  Power  Variances  in  randomly  shaped  membranes,"  in 
Structural  Dynamics  of  Large  Scale  and  Complex  Systems,  proceedings  of  the  14th  Biennial 
conference  on  Vibrations  and  Noise  held  in  Albuquerque  September  1993  editors  C.Pierre  and 
N.  Perkins,  p  35-42,  ASME  (1993)  Copy  of  Proceedings  Paper  Attached 

R.  L.  Weaver,  "Level  Statistics  and  Enhanced  Backscatter  in  Viscously  Damped  Reverberation 
Rooms."  Presented  to  Laboratoire  de  Physique  de  la  Matiere  Condensee,  CNRS,  Universite  de 
Nice,  Nice,  France  October  1994. 
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